Abstract. 2014 To determine the Miesowicz viscosity coefficients a shear-flow set-up has been built, which allows the measurement of ~1, ~2, ~3 and ~12. These coefficients are determined by pressing the liquid crystal through a rectangular capillary which forms part of a thermostated set-up placed between the poles of a magnet in order to control the director n. In addition, the flow-alignment angle 03B80 is determined from the change in optical path difference between the ordinary and extraordinary components of polarized light, comparing the situation with n aligned along the flow-direction and with flow-alignment, respectively. Results are given for the complete set of viscosity coefficients of p-methoxy-p'-butylazoxybenzene and p, p'-dibutylazoxybenzene. The 
1. Introduction. -Though a nematic liquid crystal flows as easily as a conventional organic liquid consisting of similar molecules, an analysis of the viscosities turns out to be rather complicated when the state of alignment (given by the director n) is considered. In the first place, the flow depends on the angles between n and the flow direction and the velocity gradient. Secondly, translational motions couple to inner orientational motions, and the flow will cause the director to rotate. This behaviour can be described by the hydrodynamic theory of Ericksen and Leslie [ 1 ] , which involves six viscosity coefficients, of which five are independent [2] .
Experimentally the direction of n must be controlled and/or measured, and conventional viscometric equipment is of little use. This is probably the cause that in spite of the importance of the viscosities for the dynamics of many physical effects (including the switching times of display devices) experiments that can be quantitatively interpreted are relatively scarce.
Only recently some authors [3, 4, 6] have started systematic measurements again. Nevertheless, to obtain for a given compound a complete set of coefficients (if possible at all) one has to rely on data from various sources which often do not seem to be compatible [5] . The only exceptions are recent results by Kneppe et al. [6] [7] [8] .
In this paper we describe in some detail the viscous We have followed here the notation of Helfrich [11, 12] . In the original paper by Miesowicz [ 13] the definitions of q, and ?12 are interchanged. Apart from the shears depicted in figure 1 that are anti-symmetric in x and z, also a coefficient n 12 exists that is symmetric in these coordinates. It cannot be visualized in a pure
shear, but appears in the general expression for the effective viscosity Neff [2] when n makes an arbitrary angle with v and Vv (see Fig. 2 (2) and (6) [3, 15, 16] . From thermodynamic considerations one finds that for rod-like molecules x i &#x3E; 0 [ 17] , so that these instabilities are due to a positive sign of K2 ' Following Gahwiller [3] 6o can be determined from the change in optical path difference between the ordinary and extraordinary components of polarized light by comparing the situation with n magnetically aligned along v and without a magnetic field, respectively. For n parallel to the z-axis (see Fig. 3 ), the optical path difference To will be no and ne being the ordinary and extraordinary refractive indices, respectively. When n makes an angle 9(x) with the z-axis, the optical path difference r will be with Without a magnetic field one can have a stable situation where the total shear-torque Ns is zero. For sufficiently large shear-rates 8(x) tends to the value 00, except for thin transition layers at the boundaries and in the middle. In that situation 0(x) will be given by (see Fig. 3 For each of the four viscosity coefficients (11 l' q2, r¡3 and r¡12) a module has been constructed. For each module a brass holder keeps the capillary at the right position in the magnetic field (see Fig. 5 ). These modules fit into a heated chamber between the poles Fig. 5 . -Top-view of the set-up for the shear-flow measurements ; 1-capillary, 2-brass-holder, 3-magnet, 4-thermocouple, 5-hot air in, 6 -hot air out, 7-heated chamber, 8- The first effect is determined by the values of the magnetic field and the pressure difference (Eq. (10) and (11)). The magnet has a maximum field of 1.1 T and we use a pressure difference of 100 Pa or less.
With these values we calculate that in the worst case this leads to an increase of 0.5 % in the value of N 1, and will be of no significance in the case of N2. The correction for r¡1 given by Kneppe et al. [6] assuming N 2 N=l2
= 0 gives a similar result. The second problem is the surface-alignment. Kneppe (21)). The results are given in figure 9 for N4 only. With the flow-alignment set-up 00 has been measured for N4 and DIBAB (see Fig. 10 and tables I and II). The errors due to the assumption sin2 0 1 (eq. (17)) are smaller than the experimental errors.
In addition p,p'-octylcyanobiphenyl (8CB) has been considered, for which Skarp et al. [ 15] found that for temperatures below (Tc -1) OC no flow-alignment [15] .
exists. Our measurements (see Fig. 11 [9] . In practice, however, equation (20) is always fulfilled within the experimental accuracy due to the relatively large errors in N 1. This is best illustrated when (20) is rewritten in quantities that are directly measurable :
The results for N1 1 calculated in this way and measured directly are compared in table IV. For N4 a comparison with direct measurements of N 1 and with the results from Kneppe et al. [7] is given in figure 7 . Application of equation (21) (a) From Kneppe et al. [6, 8] and Gahwiller [21] .
(b) From Kneppe et al. [7, 8] and Skarp et al. [4] . [19] were used, and for DIBAB K1 and K3 from De Jeu et al. [20] and K2 from Van Dijk et al. [9] . Comparing the results we note that the visco-elastic ratios from light-scattering are in several cases higher than the results from flow-measurements, especially for flsplay/ K l' From equations (22) 
